Abstract: From past decade, the major issues involved in deregulated power systems are branch loading and voltage stability. To address this issue, in this paper an evolutionary programming algorithm was proposed for optimal positioning of FACTS devices. The Evolutionary Programming algorithm considers the FACTS devices and line numbers to generate the population. The proposed approach considered three objectives for optimality such as maximization of branch loading, maximization of the voltage stability and minimization of the power loss. The proposed algorithm's performance is compared with the conventional genetic algorithm and the simulation is carried by MATLAB with different cases. With the simultaneous operations of branch loading, voltage stability and loss minimization, the branch loading is increased by 9.6% and the voltage stability is increased by 2.3% and the loss is reduced by 4.8%. The result shows the performance of the proposed model.
Introduction
All The open choose policy is applied in the transmission system after the deregulation of transmission lines. Due to the abnormal selection policy, the congestion is created on the transmission lines [1] [2] [3] . An abnormal usage of transmission lines is also another cause for congestion, and it reaches to the power transfer limit. These types of issues will be addressed by introducing FACTS devices in power systems. These FACTS devices have the ability to control the various parameters in a transmission network for power systems. FACTS devices are classified as UPFC (Unified power flow controller), SVC (Static VAR Compensator) and TCSC (Thyristor Controlled Series Capacitor). In order to compensate to the inductive reactance, the TCSC is connected in series within the branch. The generation of transmission line reactive power is carried out by SVC with respect to thyristor controlled circuits. The parameters like, voltage phase and impedance is controlled by UPSC. In [4] , the optimal location of TCSC in Transmission lines was proposed, which are concentrated on reducing the power losses. For improving the social welfare cost and reducing the power loss in the network, the TCSC is introduced into the deregulated market for congestion management [5] . In [6] , the FACTS device optimization is proposed by using genetic algorithm. In [7] and [8] , the genetic algorithm introduces optimal allocation for multiple types of FACTS. But, the complex procedure of genetic algorithm creates some voltage loss in the power lines. In [9] , for solving the bid based economic dispatch problem the authors proposed the interior point algorithm. To reduce the congestion in power system networks in deregulated markets, TCSC is introduced in [10] . This procedure doesn't consider the real time environment factors such as deregulated power supply in the network. For security constraints in the economic dispatch, the linear programming model is introduced in [11] . The linear programming model creates overhead in the optimization mechanism. In [12] and [13] , the optimal placement of UPFC and SVC is placed in the network to reduce the congestion, but these methods don't consider the TCSC for the congestion management. In [14] , the authors proposed genetic algorithm with the combination of fuzzy logic for solving the congestion problem in power systems. The impedance and voltage phase are not considered as objectives in the proposed model. Evolutionary programming and differential evolution is proposed in [15] [16] and [17] without contingency for optimal positioning of FACTS. These models are only single objective mechanisms. This paper presents the Evolutionary programming approach for FACTS Devices. The Evolutionary programming approach contains heuristic mechanisms to solve the optimization problems effectively. The mathematical formulation for positioning the FACTS devices on IEEE30 bus system are discussed in detail. The simulations obtained for both Evolutionary Algorithm and Genetic Algorithm proves the efficiency.
The remaining paper is organized with the following sections. Section 2 describes about the designing of FACTS devices. Section 3 discuss about the conventional genetic algorithm and their drawbacks. Section 4 explains about the proposed approach to the defined objectives. Section 5 describes about the objectives of the optimality. Section 6 explains about the experimental evaluation of the proposed optimality model and finally, section 7 concludes the paper.
Design of FACTS Devices
All One of the major issues faced by the power transmission industries related to supply and demand are  In large power distribution models, stability is the major factor. It causes several problems in blackouts and power distribution leads to loss.
 According to the demand, the transmission and distribution of power is based.
Thyrister controlled Series Capacitor:
The TCSC is capable of controlling the power over the ac transmissions [18] . The TCSC contains the series capacitor 'C' which is connected parallel to the controlled reactor 'L' which is given in Figure 1 . The main reason for introducing TCSC is, to regulate the line reactance with the help of inductance accumulation and reactance accumulation which is shown in Figure 2 .
The reactive power injections of line attached between two buses i and j having series impedance rij + jyij and the capacitor 'C' is connected parallel to the TCSC controlled reactor L as which is shown in Figure 1 . The role of TCSC in the power line is, to adjust the reactance of line in the network by accumulating either inductive or reactive element which is shown in Figure 2 . 
The controllable reactance yc is used in equation 1, which is a power line function of TCSC. From equation 1 to 4, the reactive power injections of TCSC from bus i to bus j is derived. The TCSC range in the transmission line is formulated in the Equation 5 , and YL is the reactance of the line in the network.
-0.7YL< YTCSC < 0.2YL (5) The ideal positioning of TCSC device is performed by Evolutionary Programming (EP) algorithm which is discussed in section 4.
Static VAR Compensator:
To control the precise parameters in the output of the power system networks, the model uses the SVC, which is a static VAR generator [19] [20] . In the power system networks, the model uses VAR (Volt Ampere reactive), to create the flux in the machineries like induction motors, transformers etc. The transmission network terminal voltage is controlled by the SVC which is shown in Figure 3 . The placement of SVC is vital in the network. Most probably, the SVC is placed in the bus in the center of the transmission lines or at the end. The basic purpose of SVC is to inject or to absorb the reactive power. If the load of the bus is high, the inductive SVCs acts as capacitive and inject the reactive power. If the model contains high reactive power, SVCs acts as inductive and absorbs the reactive power. By this mechanism, the model has control over the voltage. The operation of SVCs is crucial at the time of high voltage drops.
The limit of reactive power for the SVCs is given in equation 6. The optimal SVCs selection is based on the Evolutionary Programming.
-
Unified Power Flow Controller:
The unified power flow controller (UPFC) is an efficient multi-purpose FACTS controller, which handles the physical and reactive power in the transmission network rapidly and individually [21] . It is modelled based on the combination of two FACT devices such as TCSC and SVC that are connected to the bus in the network. It will control the parameters like voltage phase angle and the impedance of the network [8] . The limits for UPSC are given in equation 5 and equation 6.
Conventional Genetic Algorithm
The conventional genetic algorithm (GA) [26] is the general mechanism applied for the global search and selection technique. The GA starts with the population selection, cross over and mutation is applied for the generation of best population from the selected population. Algorithm 1 shows the implementation procedure of GA approach. In the algorithm 1, as an initial population, the number of FACTS devices is selected and calculated the fitness function for each device, by placing them in random locations. If the suitable results had found, then select the FACTS combination as a best population. Otherwise, create the new population using the reproduction phase. The reproduction phase contains both the cross over and mutation. The cons of the conventional GA approach are: it undergoes unlimited iterations for finding the best solution and it decreases the overall performance of the model. To overcome these issues, the Evolutionary programming approach was introduced.
Evolutionary Programming Approach
The Evolutionary programming is one of the effective optimization techniques that include initialization, mutation and competition. A set of parent population is selected for mutation. After applying the mutation, the new population is generated. A fitness function is calculated for developing the new generation of population. The fitness function will act as an objective function to the problem. The candidates in the set of newly generated population will participate in the competition scheme [22] . The winning candidates will form a new set of generation. This will be evolved as a global solution.
A global optimization problem is defined as the maximization of branch loading, maximization of the voltage stability and minimization of the power loss. The function for the global optimization is given as Problem : f(x) = {max(β), max(ν), min(Jl)} Subject to 1.05≥Vz ≤ 0.95,
Where f(x) is the objective function, which is need to be continued until it reaches to the optimal solution. The evolutionary programming approach is used to find the optimal positioning of FACTS devices. The self-adaptive mutation approach with evolutionary programming approach is performed well when compared to without self-mutation approach. The proposed algorithm is given in algorithm 2. Step 5: Calculate the fitness function for each offspring (Fi * , Li * ) by using the objective function from equation 7.
Step 6: The pair wise comparisons conducted between the parents (Fi, Li) and offspring's (Fi * , Li * ).
Step 7: By analysing the comparison values, the optimal pair is selected and it is given a win condition.
Step 8: Stop the generation process if, it reaches to the required optimal value. Otherwise go to step 3. End
Objectives of the Optimization
The Parameters that are considered for optimization are branch loading, voltage stability and load minimization [23] [24].
1 Branch Loading
In the power lines, the branch loading maximization is considered as the first optimization problem. If the branch loading of the line is less than 100 %, it is equal to 1 and it decreases exponentially with the load. The branch loading is calculated for every line in the power network [25] . Where β is the branch loading factor, λ is equal to 0.1 which is a positive constant, Sij and Sij max are MVA flow and thermal limit from buses i and j in the power lines.
Voltage Stability
The proposed model considers the voltage stability as one of the objectives. To maximize the voltage stability, the following parameters are considered. The voltage stability function is calculated for all the buses in the power network. The optimizing function for voltage stability is equals to 1. The voltage levels for the power lines range starts from 0.95 p.u. to 1.05 p.u. It is a circuit law to maintain the voltage levels at minimum points. So, the distribution voltage is taken as 0.95 p.u. and the maximum allowable volatage is 1.05 p.u. (13) Where μ is equal to 0.1 and it is a positive constant, υ is the voltage at bus z.
Loss Minimization
The loss minimization is one of the objective functions for the reactive power. The bus voltage magnitudes and phase angles are managed by the converged load flow solutions. Total network power loss is calculated by the sum of individual line.
Where n is the number of lines participating in the network.
Simulation Results and Discussion
The proposed model will be simulated in SimPowerSystems or Simulink with MATLAB, to study the Congestion Management. The Flexible AC Transmission Systems (FACTS) optimally uses the Evolutionary Programming Approach.
The parameters considered for Optimization are Branch Loading, Voltage Stability and Loss Minimization. Initial experiments are carried by implementing the normal system without any optimization objective. Initially these parameters are dealt separately and upon obtaining the stable values in subsequent iterations, the proposed model will use the stable result for the next level and the same procedure is followed so that only the population having suitable minimum threshold will be selected. The proposed model is implemented with IEEE30 bus system. Here, It is considering three cases; one is branch loading, second one is voltage stability and the final one is loss minimization.
Case 1: Branch loading with initial population is 200, 20 generations
In this case, various branches are selected randomly from the normal operating system and loaded with the parameters for checking with and without FACTS devices. Initial population is taken from the normal operating system and selected lines are loaded with a value (say 126% or so) with and without FACTS device and their values are computed. The results obtained are shown in Table 1 . It can be observed that the optimal FACT SVC value is recorded as 5.3926 the optimal FACT TCSC value is noted as 0.3779 and the total loss is 1.0252. Figure 4 explains about the improvement in the branch loading with optimal placement of TCSC and SVC In this case, Voltage stability is selected from the normal operating system randomly and loaded with the parameters for checking are with and without FACTS devices. Initial population is taken as 200 from the normal operating system and selected lines are loaded with a value (say 126% or so) in with and without FACTS device and their values are computed. The results obtained are shown in Table 2 . It can be observed that the optimal FACT SVC value is recorded as 0.5242, the optimal FACT TCSC value is noted as -0.3835 and the total loss is 0.2153. Figure 5 explains about the maximization of voltage stability with optimal placement of TCSC and SVC. In this case, Loss minimization is selected as the objective of the EP and the parameters for checking are with and without FACTS devices. Initial population is taken as 200 from the normal operating of the system and selected lines are loaded with a value (say 126% or so) in with and without FACTS device and their values are computed. The results obtained are shown in Table 3 . It can be observed that the optimal FACT SVC value is recorded as 0.1615, the optimal FACT TCSC value is noted as 0.3779 and the total loss is 6.4201. Figure 6 explains about the minimization of power loss with optimal placement of TCSC and SVC. 
Comparison of Best compromising solution with FACTS using the Evolutionary Programming and Genetic algorithm:
With the simultaneous operations of branch loading voltage stability and loss minimization, the branch loading is increased by 9.6% and the voltage stability is increased by 2.3% and the loss is reduced by 4.8%. The evolution programming algorithm outperforms the genetic algorithm and the results obtained for both GA and evolutionary programming are shown in Table 4 . 
Conclusion
In this paper, evolutionary programming algorithm for optimal positioning of FACTS device in power network was proposed. The proposed approach considered the different objectives for regulating the power supply. The algorithm is tested with different combinations of transmission lines and FACTS devices. The algorithm considers branch loading, voltage stability and the loss minimization as the optimization objectives. The results are tested with IEEE30 bus system and the population is taken as 200 with 20 generations. The proposed evolutionary programming approach performs well when compared to the conventional GA in reducing the congestion by considering the objectives. In the future, the proposed approach is analysed with smart grid environment for better optimization.
